Many kinds of pressure garments are currently used for various applications, such as treating of hypertrophic scars, reversing the effect of shock on the body's blood distribution, improving energy saving for athletes and enhancing the aesthetic appearance of the wearer. In order to design the desired pressure garments, predicting the amount of pressure is mandatory. Although many researchers have used the Laplace law as the prediction equation, there has been some discrepancy between predicted and experimental measured pressures. In this study, we focused on one of the parameters which influence this discrepancy. To predict the pressure by this law, the induced tension in the material is measured by a tensile strength device, and then is inserted into the equation while the real tension is induced by extending on curvature shape. We measured the tension induced in the rubber band, which was extended on a cylindrical surface by using a new tensile test assembly. Subsequently, this tension was compared with the tension induced in the flat geometry which is commonly used. The results show that there is a significant difference between the tension in the curvature and flat geometry.
INTRODUCTION
It is known that every elastic material, like elastic shells, when wrapped under tension around a curvature surface, exert a radial pressure on that surface. Pressure induced in elastic cylindrical shells is usually predicted by the Laplace law [1] [2] [3] . Air inflated structures, balloons, physiological applications (blood vessel, heart, esophageal varicose) and pressure garments are the examples of pressurized cylindrical shells. Among them, pressure garments have been most widely applied. There are many studies investigating the accuracy of the Laplace law which is used for pressure prediction in pressure garments [1, 4, 5] but only a few of them took the deviation between the experimental and Laplace prediction values into account [1, 5] . In these works, there were no clear descriptions about this phenomenon. The mathematical expression of the Laplace law is presented by Eq. (1). R T = p (1) where T is the tension of shell (N/m), R is the radius of curvature (m) and P is pressure (Pa). Practically in order to predict the interfacial pressure between garment and limb, the tensile force is obtained from linear fabric tensile behavior. The tensile behavior of fabric is usually measured by a tensile strength device. In the tensile strength device, a rectangular sample is extended in flat geometry as shown in Figure 1 . In this study, in order to find the origin of the Laplace law deviation, we attended to the method of tension measuring. In a tubular pressure garment, the fabric is extended in cylindrical geometry ( Figure  2) . Therefore, we decided to investigate the difference between tension induced in flat and cylindrical geometries.
It is interesting to investigate whether it is possible to have different tensile behaviors in the case of geometry change of the extending material (curved path or straight). This paper presents a newly designed tensile test method to measure the tension on a curved surface. The ultimate target of this work was to improve the Laplace law to predict the interfacial pressure more precisely. 
MATERIAL AND METHOD
Pressure garments are made from elastic fabrics containing different rubber filaments. Different degrees of pressure are provided by different degrees of elasticity and strength of the elastic material. In this study, in order to eliminate the complexity of the structure of the fabric, two kinds of rubber having different tensile behavior were used. The tensionstrain curves based on ASTM D412 using an Instron tensile device 5566 are presented in Figure 3 .
We developed a new test method using the same tensile device to simulate rubber extending on a curved surface to study the tensile behavior during this type of deformation ( Figure 4) . The base was fixed in the lower jaw. The rubber sample with 5 cm width was fastened around a cylinder while the strip ends were fixed by the upper jaw. In this way, the tensioning of the sample during cylindrical wearing was simulated. While moving up the upper jaw, the strip was extended and the load was recorded by the device. A schematic presentation of the provided setup is illustrated in Figure 5 . There are two individual strained regions; flat and curvature regions as shown in Figure 5 . The measurements were performed on some cylinders with different diameters. (1); the rubber sample with 5 cm width (2) was fastened around the cylinder (3) while the strip ends were fixed by the upper jaw. 
Geometry of Designed Set Up
The geometrical parameters of θ, φ and χ as indicated in Figure 5 are related to each other as follows:
Where δ is the movement of the upper jaw and α is the distance of cylinder surface from the upper jaw before movement. Table I demonstrates the values of α for the cylinders. 
Local Tension
Eq. (5) can be utilized to calculate the tension (T) induced by rubber extension, as follows:
where F is the recorded force by Instron device ( Figure 5 ). The width of band rubber is 0.05 m.
Flat Region Strain ε f By using flat tension-strain curve of each rubber, the accordant strain of each tension obtained by Eq. (5) in flat arm was determined.
Curvature Region Strain  c
During the jaw movement, the rubber in both flat and curvature regions is extended; the extended tail of curvature region enters in the flat region. Thus the initial length of flat arm is changed during the extension. The initial length of flat region χ 0 at each extension is obtained via Eq. (6): 
Where θ R is the extended length of rubber in the curvature region.
Analysis of Friction Effect
Friction is the force facing to the extension of rubber in curvature region which is necessary to be calculated. An experimental system was developed for measuring the friction coefficient, which allows direct measurement of friction coefficient between rubber and cylinder surface. The friction coefficient of Rubber1 and Rubber2 was obtained 0.17 and 0.217 respectively. The relationship between the friction coefficient, tension and angle of contact is famous [6] and expressed as follows:
Where T 2 and T 1 are tension (T 2 >T 1 ) and β is angle of contact.
From the rubber point of flat and curvature regions towards to point S (as shown in Figure 5 ), the angle of rubber contact ( β ) is increased so the friction force facing to the extension rubber will be increased. Obviously, there is one point in the curvature region where its strain is equal to this calculated average strain ( ε c ). In order to analyze the tensile behavior of rubber in curvature region, we need to know T c at this point (average point). Accordingly, it is necessary to find the location of this point. Also the frictional force at this point is the average of frictional force induced in the whole curvature region. The location of this point can be calculated as follows: 
DISCUSSION
The tensile behavior of flat and curvature regions is shown for two rubbers in Figure 6 -7. These figures demonstrate the trend of T -c versus strain for curvature regions in comparison with the experimental values which come from the flat test based on ASTM D412. It can be observed that there is a significant difference in the tensile behavior between flat and curvature regions. This is valid for both cylinder diameters in each rubber. But surprisingly the tensile behavior in the curvature region is similar in both cases. In order to clarify the influence of curvature on tension, we introduce one more tension parameter: T f . By using ε c and tensionstrain curve of rubber obtained based on ASTM D412, the accordant tension of each strain was determined and designated as T f (Table II - Tables II -V) . It can be observed that the tension in the curvature region is nearly 1.5 and 1.4 times greater than the one in the flat region for Rubber1 and Rubber2 respectively. This difference could give an explanation for the reported deviation in the Laplace law. The difference between the ratios of T -c to T f in two rubbers may be dependent on the mechanical properties of rubbers. In order to establish the relation between physical properties and deviation of tensile behavior in the curved path, more study should be done. Furthermore, it seems that the curvature size is not a very effective parameter on the quantity of this deviation. However, it is imperative to investigate the effect of curvature size on tensile behavior in a curved path more precisely. 
CONCLUSION
In this study, a new method was designed to measure tension in a curvature surface. The results demonstrate that tension in the curvature region was more than the flat region at the same strain. As a main conclusion, it should be pointed out that it is possible to have different tensile behaviors if the geometry (straight or curved path) of extending material changes. This is an encouraging result that helps us to find out one of the major sources of the Laplace law deviation in pressure garment applications. Further work has been investigated on establish the relationship between tensile behavior of elastic fabrics on curvature geometry and structural parameters of fabrics and will be published later.
